BPS preons and tensionless super-p-branes in generalized superspace  by Bandos, Igor A.
Physics Letters B 558 (2003) 197–204
www.elsevier.com/locate/npe
BPS preons and tensionless super-p-branes
in generalized superspace
Igor A. Bandos a,b,c
a Departamento de Física Teórica and IFIC, 46100 Burjassot, Valencia, Spain
b Institute for Theoretical Physics, NSC KIPT, UA61108 Kharkov, Ukraine
c The Abdus Salam ICTP, Trieste, Italy
Received 5 December 2002; received in revised form 18 February 2003; accepted 20 February 2003
Editor: M. Cveticˇ
Abstract
Tensionless super-p-branes in a generalized superspace with additional tensorial central charge coordinates may provide an
extended object model for BPS preons, i.e., for the hypothetical constituents of M-theory preserving 31 of 32 supersymmetries
[I.A. Bandos, J.A. de Azcárraga, J.M. Izquierdo, J. Lukierski, Phys. Rev. Lett. 86 (2001) 4451].
 2003 Published by Elsevier Science B.V. Open access under CC BY license.1. Introduction
Recently, a new wave of interest for higher spin
theories and their supersymmetric extensions can be
witnessed [1–6]. Moreover, the study of [7,2,4] ex-
hibits the relation among massless high-spin theories
and simple particle-like dynamical models [8,9] living
in generalized superspace Σ
( n(n+1)
2
∣∣n) with local coor-
dinates [10,11]
ZM = (Xαβ, θα), Xαβ =Xβα,
(1)α,β = 1, . . . , n.
This relation suggested a way to introduce a concept
of causality in ‘symplectic spacetime’ Σ
( n(n+1)
2
∣∣0) [4]
(i.e., in the bosonic body of Σ
( n(n+1)
2
∣∣n)) parametrized
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[12].
For n= 2k , where α can be treated also as a spinor
index of a D-dimensional Lorentz group SO(t,D− t)
for some D and t , Xαβ =Xβα can be regarded as sym-
metric spin-tensor coordinates. For k > 1 the set of
such bosonic coordinates includes, besides the usual
D-dimensional spacetime coordinates xµ = XαβΓ µαβ ,
a set of antisymmetric tensorial coordinates yµ1...µq =
XαβΓ
µ1...µq
(αβ) (yµν , yµ1...µ5 for D = 11 generalized su-
perspace Σ(528|32)). Just the introduction of gamma-
matrices or, equivalently, the distinction between vec-
tor and antisymmetric tensor coordinates breaks the
manifest GL(n) symmetry of the generalized super-
space down to Spin(t,D − t). (Note that n= 32 case
allows also SO(2,10) interpretation, in which Xαβ
contains antisymmetric tensor coordinates only [13–
15].) Such a breaking of high spin GL(n) symmetry
Y lice nse.
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and Section 4 below) is expected to be spontaneous.
An important property of the models [8,9], not
yet reflected in higher spin theories, is that they
describe BPS states preserving all but one spacetime
supersymmetries. This property is closely related to
the fact that these models produce the generalized
Penrose relation
(2)Pαβ = λαλβ
(cf. [16]) as a constraint for the momentum Pαβ(τ )
canonically conjugate to the coordinate function
Xαβ(τ),
(3)Pαβ(τ )− λα(τ )λβ(τ )= 0.
Here τ is a proper time parametrizing a worldline W 1
in generalized superspace,
(4)
W 1 ∈Σ
( n(n+1)
2
∣∣n): Xαβ =Xαβ(τ), θα = θα(τ ),
Xαβ(τ ) and θα(τ ) are bosonic and fermionic coordi-
nate functions.
The most general supersymmetry algebra (called
M-algebra in D = 11 case, i.e., for n= 32, [17])
(5){Qα,Qβ } = Pαβ, [Qα,Pαβ ] = 0,
is realized in the model of [8] on the Poisson brack-
ets (for simplicity, we ignore the i factor appearing
in the Poisson brackets). After quantization, schemati-
cally (see [7,8] for a precise Hamiltonian analysis and
quantization), Eq. (2) could be considered as a condi-
tion on the state vector |λ〉 of the quantum dynamical
system,
(6)Pαβ |λ〉 = λαλβ |λ〉.
Such a state was called BPS preon in [18] for reasons
that will become clear below. Eq. (6) implies
(7){Qα,Qβ }|λ〉 = λαλβ |λ〉.
Then, introducing an auxiliary set of (n − 1) con-
travariant GL(n) vectorswαI (SO(t,D− t) spinors) or-
thogonal to the covariant GL(n) vector λα ,
(8)wαI λα = 0, I = 1, . . . , n− 1,
one finds wαI {Qα,Qβ}|λ〉 = 0. As a result, one can
conclude that the BPS preon state |λ〉 preserves all butone supersymmetries [18],
(9)QI |λ〉 ≡wαI Qα |λ〉 = 0, I = 1, . . . , n− 1.
Let us stress that the set of n − 1 vectors wαI is pure
auxiliary and has been introduced for convenience
only. The preservation of n − 1 of the n supersym-
metries by the state |λ〉 is encoded in the fact that
the eigenvalue matrix λαλβ of the operator {Qα,Qβ },
Eq. (7), has rank one.
Note that the causal structure of the symplectic
spacetime Σ
( n(n−1)
2
∣∣0) found in [4] is related to the
observation that the state |λ〉 obeying Eq. (6) provides
the general solution of the conformal high-spin wave
equation [2]
(10)(PαβPγ δ − PαγPβδ)|λ〉 = 0.
The algebra similar to (5) is satisfied by the
fermionic constraints Dα(τ) ( {Dα,Qβ } = 0 ),
(11){Dα,Dβ} = −Pαβ, [Dα,Pαβ ] = 0.
Eqs. (11) and (3) imply that n − 1 of n fermionic
constraints, DI = wαI Dα , are of the first class. These
first class constraints generate n − 1 local fermionic
κ-symmetries through the Poisson brackets. Thus the
number of κ-symmetries of the worldline actions
[8] coincides with the number of supersymmetries
preserved by a BPS preon state (see [18]) as one
might expect (see, e.g., [19], and [20] for extended
discussion). Thus, one can consider the presence
of n − 1 κ-symmetries as the main characteristic
property of a BPS preon model in a superspace with
n fermionic coordinates.
The states |λ〉 were used in [18] to provide a
complete algebraic classification of the BPS states
in M-theory (hence the name of BPS preons). This
suggests to conjecture that any BPS state |Ψk〉 is
a superposition of a definite number k of the BPS
preons. The number k is determined by the rank of
its generalized momentum matrix pαβ ,
(12)Pαβ |Ψk〉 = pαβ |Ψk〉, rank(pαβ)= k.
Then (see [18]) there exists a set of k GL(n) vectors
λaβ (spinors of the Lorentz SO(t,D− t)⊂ GL(n)) such
that
(13)pαβ =
k∑
λaαλ
a
β .a=1
I.A. Bandos / Physics Letters B 558 (2003) 197–204 199Eq. (13) allows to speculate that the BPS state |Ψk〉,
satisfying Eq. (12), can be considered as composite of
k preon states |λa〉, a = 1, . . . , k [18].
The existence of BPS preons and other BPS states
preserving more than 1/2 of the supersymmetry (i.e.,
composites of k < n/2 preons) is allowed from an
algebraic point of view [8,21,22]. However, for a long
time realizations of such states as solitonic solutions
of the ‘usual’ D  11 supergravity equations were
not known and, in fact, the first search in simple
models gave negative results [22]. However, such
solutions (now with up to 28 of 32 supersymmetries
preserved) have recently been found [23–25] as a
particular case of pp-waves [26]. Thus the original
expectation that BPS preons and the states composed
from less than n/2 BPS preons cannot be realized in
the ‘usual’ superspace (a ‘BPS preon conspiracy’) is
broken, at least partially. The relation of such solutions
with models in generalized superspace has not been
clarified yet. One may assume that the (constant)
‘values’ of antisymmetric tensor fields, characteristic
of the pp-wave background, should play there the
role of some tensorial coordinates of generalized
superspace (cf. [11]), but the details of the embedding
of pp-wave spacetimes into a generalized superspace
require additional study.
Here we address another problem. Only point-
like models with the properties of BPS preons [8]
(and composites of less than n/2 preons [9]) were
known in the generalized superspace. On the other
hand, if one takes seriously the hypothesis [18] that
all the M-theory BPS-states (M2-brane, M5-brane,
intersecting brane configurations, etc.) are composed
from (n = 32) BPS preons, one should find for the
latter an extended object model (i.e., a model with p-
dimensional worldvolumeWp+1 rather than worldline
W 1 (4)), at least in the generalized superspace. The
main message of this Letter is that such a model for
D = 11 BPS preons is provided by a ‘twistor-like’
formulation of tensionless p-branes in the generalized
superspace Σ(528|32). Moreover, the model can be
formulated in an arbitrary generalized superspace
Σ
( n(n+1)
2
∣∣n)
.
Tensionless p-branes in D = 4 (n= 4) generalized
superspace Σ(10|4) were previously studied in [27,28].
In [28] it was found that a twistor-like formulation of
the tensionless p-brane in Σ(10|4) (which generalizes
the model from [29] for the case of additional tensorialcoordinates) possess 3 κ-symmetries. We will show
here that for any n (or any D), including n= 32 (D =
11), the Σ
( n(n+1)
2
∣∣n) generalization of the tensionless p-
brane action from [29] possesses n− 1 κ-symmetries.
In the light of the above mentioned correspondence,
this implies that the n = 32 (D = 11) version of this
action provides a dynamical model for a BPS state
which preserves 31 of 32 supersymmetries, i.e., an
extended object model for a BPS preon.
2. Tensionless p-brane action in Σ(
n(n+1)
2 |n)
We consider the following action for an extended
object (p-brane) moving in generalized superspace
Σ
( n(n+1)
2
∣∣n)
(14)S =
∫
dp+1ξ L= 1
2
∫
dp+1ξ ρmΠαβm λαλβ
(cf. [29] for the usual D = 4 superspace and [30] for
p = 0). Here
(15)Παβ ≡ dξmΠαβm = dXαβ(ξ)− idθ(α θβ)(ξ)
is the pull-back of the supersymmetric Volkov–Akulov
one-form for Σ
( n(n+1)
2
∣∣n) on the worldvolume
(16)
Wp+1 ⊂Σ
( n(n+1)
2
∣∣n): Xαβ =Xαβ(ξ), θα = θα(ξ)
parametrized by local coordinates ξm,m= 0,1, . . . , p;
ρm = ρm(ξ) is a Lagrange multiplier and λα = λα(ξ)
are auxiliary bosonic variables. The action (14) does
not contain any dimensionful parameter, what allows
us to call its associated dynamical system tensionless
super-p-brane in generalized superspace.
The n = 4 counterpart of the action (14), with λ
treated as a Majorana representation of D = 4 Lorentz
harmonics [30], was studied in [28]. On the other
hand, for n = 2k = dim(Spin(1,D − 1)), substitut-
ing Γ αβµ Πµm ≡ Γ αβµ (∂mxµ − i∂mθΓ µθ) for Παβm in
Eq. (14), one arrives at a D-dimensional generaliza-
tion of the null-super-p-brane action from [29]. Cer-
tainly, only for D = 3,4,6,10 the momentum density
Pµ(ξ)= λΓµλ is light-like and the tensionless super-
p-brane can be called null-super-p-brane.
The set of global symmetries of the action (14)
includes GL(n) transformations acting on the indices
α,β = 1, . . . , n. It is also invariant, by construction,
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δ.X
αβ(ξ)= i.(αθβ)(ξ), δ.θα(ξ)= .α,
(17)δ.λα(ξ)= 0, δ.ρm(ξ)= 0,
The generators Qα of the supersymmetry (17) sat-
isfy the algebra (5) involving the generator Pαβ of
the translations: δaXαβ(ξ) = aαβ , δaθα(ξ) = 0,
δaλα(ξ)= 0, δaρm(ξ)= 0.
A straightforward calculation of canonical momen-
tum for Xαβ(τ), Pαβ = ∂L∂0Xαβ , results in the primary
constraint
(18)Φαβ = Pαβ(ξ)− ρ0(ξ)λα(ξ)λβ(ξ)= 0,
(cf. Eq. (3)) which implies the propagation of the ex-
tended object in the directions characterized by λα(ξ).
Such directions could be regarded as a Σ
( n(n+1)
2
∣∣n) gen-
eralization of the light-like directions of the usual D-
dimensional superspace.
The calculation of the other canonical momenta,
Pα(ξ)= ∂L
∂(∂0λα)
, Pm = ∂L∂(∂0ρm) and πα(ξ)= ∂L∂0θα also
results in the constraints: Pα(ξ)= 0, Pm = 0 and
(19)Dα = παβ(ξ)+ iPαβθβ(ξ)= 0.
The fermionic constraints (19) obey the algebra (11)
on the Poisson brackets. This already indicates the
presence of n − 1 local fermionic κ-symmetries,
which we now describe explicitly in the Lagrangian
approach.
3. κ -symmetry and other gauge symmetries
It is convenient to write the general variation of the
action (14) as
δS =
∫
dp+1ξ
[
1
2
δρmΠαβm λαλβ + ρmΠαβm λβ δλα
]
− 1
2
∫
dp+1ξ ∂m(ρmλαλβ)iδΠαβ
(20)− i
∫
dp+1ξ ρm∂mθαλαδθβλβ,
where iδΠαβ ≡ δXαβ − iδθ(αθβ), and integration by
parts has been performed. Eq. (20) makes evident that
the action (14) possesses n− 1 κ-symmetries
(21)δκρm = 0, δκλα = 0,(22)δκXαβ(ξ)= iδκθ(αθβ)(ξ),
(23)δκθα(ξ)= κI (ξ)wαI (ξ), I = 1, . . . , n− 1,
with parameters κI (ξ). In Eq. (23) the n− 1 auxiliary
GL(n) vector fields wαI (ξ) are defined as in Eq. (8),
wαI (ξ)λα(ξ) = 0. In other words, the κ-symmetry
transformation of the Grassmann coordinate function
(23) is provided by the general solution of the equation
(24)δκθα(ξ) λα(ξ)= 0.
Thus, we are not enforced to consider an extension
of the phase space of our dynamical system by
incorporation of auxiliary variables wαI (ξ) and their
momentum: we can keep Eqs. (22), (21), (24) instead
as the definition of the κ-symmetry (but we may use
wαI (ξ) as a convenient tool to present the results in a
transparent form).
The bosonic ‘superpartner’ of the fermionic κ-
symmetry is provided by the b-symmetry transforma-
tions
δbθ
α(ξ)= 0, δbρm = 0, δbλα = 0,
(25)δbXαβ(ξ)= bIJ (ξ)wαI (ξ)wβJ (ξ),
with n(n− 1)/2 parameters bIJ (ξ) = bJI (ξ),
I, J = 1, . . . , n − 1. The only nontrivial part of the
b-symmetry transformations, Eq. (25), is the general
solution of the equation
(26)δbXαβ(ξ) λβ(ξ)= 0.
Note also an evident scaling gauge symmetry of the
action (14),
δsθ
α(ξ) = 0, δsXαβ(ξ)= 0,
(27)δbρm =−2s(ξ)ρm, δsλα = s(ξ)λα(ξ),
as well as the symmetry under worldvolume general
coordinate transformations (in their variational version
δ˜g.c. characterized by δ˜g.c.ξm = 0, see [20] and refer-
ences therein)
δ˜g.c.X
αβ(ξ)= tm(ξ)∂mXαβ,
δ˜g.c.θ
α(ξ)= tm(ξ)∂mθα,
(28)δ˜g.c.λα(ξ)= tm(ξ)∂mλα,
(29)δ˜g.c.ρm(ξ)= ∂n(ρmtn)− ρn∂ntm.
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symmetry of the BPS preon model
Let us use the Leibnitz rule (λ∂mX ≡ ∂m(λX) −
(∂mλ)X, etc., no integration by parts and no gauge
fixing) to present the action (14) in the equivalent form
S = 1
2
∫
dp+1ξ
(
λαρ
m∂mµ
α − ρm∂mλαµα
)
(30)− i
2
∫
dp+1ξ ρm∂mηη,
where
(31)µα =Xαβλβ − i2θ
αθβλβ, η= θβλβ .
λα , µ
α and η can be regarded as components of an
OSp(2n|1) supertwistor YΣ [8],
(32)YΣ = (λα,µα,η).
In terms of YΣ the action (30) reads
(33)S =−1
2
∫
dp+1ξ ρm∂mYΣCΣΛYΛ,
where
(34)CΣΛ =
( 0 δαβ 0
−δαβ 0 0
0 0 i
)
=−(−)ΣΛCΛΣ
is the orthosymplectic (OSp(2n|1)-invariant) ‘metric’
tensor.
The Lagrange multiplier ρm does not carry physi-
cal degrees of freedom. Indeed, using the general co-
ordinate transformations δ˜g.c., Eq. (29), and the scal-
ing symmetry, Eq. (27), one can fix, e.g., the gauge
ρm(ξ)= δm0 . The generalized Penrose correspondence
(31) clearly does not restrict µα (as the first term in
r.h.s. contains the n(n+1)2 parametric X
αβ ). Hence the
tensionless super-p-brane model allows a description
in terms of 2n bosonic and 1 fermionic components of
the unconstrained orthosymplectic supertwistor (32)
which describes all the physical degrees of freedom of
the system and makes the global OSp(2n|1) symme-
try manifest. In particular, this implies that for n= 32
(i.e., D = 11) the extended BPS preon model (14) pos-
sesses an OSp(64|1) generalized superconformal sym-
metry, which is characteristic both for high-spin the-
ories (see [1,2,4]) and for the two-time physics ap-
proach to M-theory [31,32].5. Conclusion and outlook
We have shown that the dynamical system de-
scribed by the action (14) possesses n− 1 local fermi-
onic κ-symmetries. Hence, in n= 32 (D = 11) such a
dynamical system can be considered as an extended
object model for BPS preons, the hypothetical con-
stituents of M-theory [18]. We have seen as well that
the BPS preon model possesses OSp(64|1) symme-
try, which was suggested to be a generalized confor-
mal symmetry of M-theory (see [31,32,18] and refer-
ences therein); this becomes transparent after passing
to the equivalent supertwistor representation, Eqs. (30)
or (33), of the action (33). This simple transformation
also exhibits the physical degrees of freedom of the
dynamical system.
We call the object described by the action (14) a
tensionless super-p-brane in generalized superspace
Σ
( n(n+1)
2
∣∣n) = {(Xαβ, θα)}. The reasons are that the
action (14) does not contain dimensionful parameters,
and that the constraints (18) imply propagation in
the generalized light-like directions of Σ
( n(n+1)
2
∣∣n) (cf.
Ref. [2]). Moreover, for n = 2,4,8,16, one converts
Eq. (14) into the action of null-super-p-brane in the
usual D = 3,4,6,10 superspaces (see [29] for D = 4)
by substituting Γ αβµ Πµm ≡ Γ αβµ (∂mxµ− i∂mθΓ µθ) for
Π
αβ
m .
Tensionless strings and p-branes in usual spacetime
and usual superspace were discussed many times in
the context of superstring/M-theory [33–36,29,37–43]
(see [29,41] for more references). In particular, they
appear as singularities in K3 compactification of su-
perstring theory down to six dimensions which con-
nect all known supersymmetric six-dimensional vacua
[39]. An interesting perturbative approach to search
for solutions of nonlinear superstring equations in the
curved spacetime background was developed in [36].
It is based on a power series decomposition in the
p-brane tension Tp and is close in spirit to earlier
propositions [44] to obtain the quantum propagator of
a p-brane by starting from the propagator of null-p-
brane and summing up the perturbative series in Tp.
The leading order of such expansion, null-string for
p = 1, should dominate string amplitudes describing
short distance string physics [45]. The tension genera-
tion mechanism, which allows one to obtain a tension-
ful superbrane action from a null-super-p-brane action
202 I.A. Bandos / Physics Letters B 558 (2003) 197–204was studied in [46,47]. In this frame the (super)brane
tension Tp appears as an integration constant in the
solution of the superstring equations of motion. This
allows for its different values in regions of a universe
separated by a domain wall and unifies null-p-branes
(Tp = 0) with tensionful p-branes (Tp = 0). Further-
more, it was shown in [47] that the tension Tp can ap-
pear also as a result of a dimensional reduction. A de-
velopment of this approach for the case of generalized
superspaces might be useful for establishing mecha-
nisms of tension generation and of the formation of the
fundamental M-branes from our extended BPS preons.
Suggestions about a possible relation between ten-
sionless strings and higher spin field theories can be
found already in [48]. Recently this possible relation
was discussed in the context of AdS/CFT correspon-
dence [42]. The key observation is that, on one hand,
both string field theory and the interacting higher
spin theory contain infinite number of fields of higher
spins, but, on the other hand, the latter has much more
powerful gauge symmetry. This allowed Vasiliev to
discuss in [48] the possibility that higher spin theo-
ries are more fundamental than string theory and that
string theory can be viewed as a spontaneously bro-
ken phase of the higher spin theories. Then a possibil-
ity of an identification of the null strings (or null-p-
branes) with higher spin theories was suggested by the
enhancement of the symmetry in the tensionless limit
of (super)string model (see [42] for further reasons).
The BPS preon conjecture [18] as a whole and,
particularly, the tensionless superstring and super-p-
brane models (14) in generalized superspace, can be
considered also as a development of the above ideas.
The models (14), being formulated in the generalized
superspace which allows for a formulation of higher
spin theories [2,4,12], respect, by construction, at least
the GL(n) part of the higher spin symmetry (see [27,
28] for other models in D = 4). The physically rele-
vant M-branes and D-branes in usual D = 11 and D =
10 superspaces are expected to appear in a sponta-
neously broken phase of the BPS preon models, which
should imply the breaking of GL(n) symmetry down
to some Spin(1,D − 1)⊂ GL(n) (e.g., Spin(1,10)⊂
GL(32) for M-branes, Spin(1,9) ⊂ GL(32) for D-
branes). Moreover, for n= 2,4,8,16 the models (14)
are directly related the D = 3,4,6,10 massless higher
spin theories: for p > 0 they describe an extended
object generalization of the classical mechanics de-scription of the free higher spin theories. Indeed, as
it was shown in [7], the quantum state spectra of the
n = 2,4,8,16 generalized superparticle models [8],
which are identical to the point-like (p = 0) models
(14) (ρ0 can be removed by rescaling of λ, Eq. (27)),
consist of towers of massless fields of all possible
‘spins’ in D = 3,4,6 and 10. The special property
of the n = 2,4,8,16 (n= 2(D − 2), D = 3,4,6,10)
point-like models (14) are related with the existence
of the Hopf fibrations S2D−5/SD−2 = SD−3 (see [7]).
This provides a mechanism for ‘momentum space
compactification’ of the additional (with respect to
usual spacetime) degrees of freedom. The situation
with n = 32 (D = 11) model is still unclear: classi-
cally it describes a particle with a dynamically gener-
ated mass [8,9] and there is a problem in interpreta-
tion of the quantum state spectrum because no coun-
terpart of the Hopf fibration is known for this case
(see [9] for some discussion). However, in the frame-
work of the BPS preon conjecture [18], which refers
to superbrane rather than to field theories, the prob-
lem is rather a search for possibilities to construct a
‘physical’ BPS objects defined in the standard super-
space, like M-branes and D-branes, from BPS preons
in generalized superspace. In principle, one could ex-
plore the composite nature of the M-branes in terms of
the point-like BPS preon model, but in an indirect way
similar to the Matrix model description of supermem-
brane [49]. The tensionless p-brane models (14) pro-
vide a new basis to search for a possible composed na-
ture of the M-branes: this search might be carried out
by the quasi-classical methods for the extended object
action, e.g., by studying solutions of the equations of
motion (see [27] for some results in D = 4) and spe-
cific interactions with background fields in generalized
superspace.
Recently an explicit relation between superpar-
ticle wavefunctions in generalized superspace and
Vasiliev’s ‘unfolded equations’ for higher spin field
was established in [50] for n = 4 (D = 4). Moreover,
the quantization of a counterpart of the p = 0, n = 4
model (14) defined in the generalized AdS4 superspace
has been also considered in [50]. This is of particular
importance as the nontrivial interactions of higher spin
fields can be constructed in a selfconsistent way only
in a spacetime with nonvanishing cosmological con-
stant (see [48] and references therein). It is interest-
ing that the proper generalized AdS4 superspace was
I.A. Bandos / Physics Letters B 558 (2003) 197–204 203proved to be just the supergroup manifold OSp(1|4)
[50,51]. These results provide a reason to study also
the AdS generalizations of the n= 4 (D = 4) versions
of the model (14): the tensionless superstring and su-
permembrane on OSp(1|4) supergroup manifold.
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